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Abstract Objective:To compare the differences in craniofacialmorphology in Chinese patients with andwithout ob-
structive sleep apnoea (OSA).Method:Weperformedlateral cephalometric radiographs on 94 consecutive patients (77
males) referred with snoring or other symptoms suggestive of OSA for polysomnography (PSG). Significant OSAwas
definedas anapneoa-hypopnoea index (AHI)Z 10/hof sleep onovernight PSG.The cephalometricdatawere compared
betweenthosewithandwithout significantOSA.Results (mean7SD):Therewere 69 (56males)withsignificantOSAwith
mean age 53712 years, bodymass index (BMI) 28.675.0 kg/m2, AHI 36.5720.6/h, andminimum SaO2 76714%.There
were 25 controls (21males) without significant OSAwith similar age and BMI.Themandibular plane to hyoid bone dis-
tance (MPH) and the perpendicular distance from hyoid bone to the line connecting C3 vertebra and retrognathion
(HH1) were significantly longer in the OSA patients.The angle measurement from sella to nasion to point A (SNA) was
smaller intheOSAgroup.MPH distancewas the onlyindependent variable for significant OSAwith anoddsratio of 3.47
(95% CI1.39^8.66). Abnormalities of the MPH and SNAwere more marked in the OSA patients with BMIZ30 kg/m2.
Conclusions: Significant differences in craniofacial morphology are noted between OSA patients and non-apnoeic con-
trols. An inferiorly positioned hyoid bone and a retropositionedmaxilla may predispose obese patients to more severe
OSA.r2003 Elsevier Science Ltd.Allrights reserved.
doi:10.1053/rmed.2003.1494, available online at http://www.sciencedirect.com
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Obstructive sleep apnoea (OSA) syndrome is a common
form of sleep-disordered breathing (SDB) characterized
by repetitive episodes of partial or complete upper air-
way obstruction (1). In addition to excessive daytime
sleepiness, OSA may lead to cognitive de¢cits, impaired
psychosocial well-being, (2) and reduced driving compe-
tence (3,4). Several epidemiological studies have shown
that OSA is as common among the middle-aged Hong
Kong Chinese populations (5,6) as the Caucasians (7,8)
with prevalence rates of at least 4%. In general, most
Asian patients with OSA seem to have a relatively lower
bodymass index (BMI) than the Caucasian counterparts
despite su¡ering from a similar degree ofOSA (5^9).ThisReceived 22 July 2002, accepted in revised form 4November 2002.
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Fax: 852-26489957; E-mail address: dschui@cuhk.edu.hkraises the question of whether abnormalities of craniofa-
cial structures play a more signi¢cant role in the patho-
genesis of OSA among the Asian patients.
In addition, previous studies with lateral cephalo-
metric radiographs have revealed rather inconsistent
and con£icting ¢ndings when comparing the craniofacial
structures between Caucasian and Asian subjects with
OSA. A study of a mixed group of Asians (consisting of
Chinese, Japanese andKorean)withOSAhas shown that
they had maxillo-mandibular protrusion, narrower cra-
nialbase angle, largerposterior airway space, and amore
superiorly positioned hyoid bone as compared with the
Caucasians (9). In contrast, Liu et al (10). found no signi¢-
cant di¡erences between the Caucasians and the Chi-
nese, matched for age and BMI, with reference to the
position of hyoid bone or maxilla but noted a smaller
midface with a smaller and more posteriorly positioned
mandible in the Chinese group. Thus, it seems that the
pattern of craniofacial abnormalities predisposing the
Chinese patients to OSA is not clear. It is possible that
CEPHALOMETRICASSESSMENTOFCHINESEOSAPATIENTS 641non-obese Chinese patients with OSA have more cra-
niofacial structural abnormalities than the obese pa-
tients
This study aimed to compare the di¡erences in cranio-
facial and upper airway morphology between our Hong
Kong ChineseOSApatients and a control groupwithout
signi¢cant OSA.
SUBJECTSANDMETHODS
We recruited 94 consecutive Chinese patients who had
been referred to our Respiratory Clinic, Prince ofWales
Hospital, with snoring or other symptoms suggestive of
OSA over a period of 3 months for this study.
All subjects were studied in our sleep laboratory with
overnight polysomnography (PSG) (Healthdyne Alice 4,
Atlanta, USA) to assess objectively the degree of SDB.
Overnight, PSG was performed between 10 p.m. and 7
a.m., andrecordedelectro-encephalogram, electro-ocu-
logram, submental electromyogram, bilateral anterior ti-
bial electromyogram, electrocardiogram, chest and
abdominal wall movement by inductance plethysmogra-
phy, air£owby a nasal pressure transducer (PTAF 2; Pro-
Tech; Woodinville, WA, USA) and supplemented by an
oronasal thermistor, and ¢nger pulse oximetry as in our
previous study (11).
Sleep stageswere scored according to standard criter-
ia by Rechtsha¡en and Kales (12). Apnoeawas de¢ned as
cessation of air£ow for 410 s, and hypopnoea was de-
¢ned as a reduction of air£owZ50% for10 s plus an oxy-
gen desaturation of43% or an arousal. Signi¢cant OSA
was arbitrarily de¢ned as an apnoea^hypopnoea index
(AHI)Z10 events/h of sleep (10).
Following the PSG, each subjectwas arranged to have
lateral cephalometric radiographs while seated or stood
in the upright position using a computed radiography
(CR) system (FCR 9000 HQ; Fuji Computed Radiogra-
phy,Tokyo, Japan) with an automatic readoutmode.The
patient’s eyes were directed forward in a natural head
position so that the gaze was parallel to the £oor. The
radiographs were obtained at the end expiratory phase
and without swallowing (13).Themouthwas closed with
lips relaxed.The central raypassed through themidpoint
of the skull.The standardposition for theX-ray tubewas
100 cm from the image plate in all patients.The following
radiographic landmarks of the soft tissues and bony fra-
meworkof the skull were included: anterior cranial fossa
(upper margin), hyoid bone (lower margin), nose (ante-
rior margin) and pinna (posterior margin). To evaluate a
good lateral cephalometric radiograph, the two halves
of the mandible and the two orbital roofs were aimed
at almost superimposed. Processed imageswere printed
on ¢lm with a laser printer (model FLIMD; Fuji Photo
Film).‘‘2-in-1’’ hard copies of CR ¢lms with conventional
and edge-enhanced algorithms were obtained to betterdemonstrate soft tissues and bony structures. CR and
markers providedmillimetric determination of craniofa-
cial structures. The cephalometric radiographs were in-
terpreted by two radiologists, ASYC and ASCC, who
were blinded to the clinical and PSG data. Di¡erences
were resolved by consensus. Twenty-one cephalometric
measurements weremade for assessing bony landmarks
and soft tissuesmorphology.
Bony indices
SNA: maxillary prognathism = anglemeasurement from
sella (S) to nasion (N) to point A (subspinale); SNB: man-
dibular prognathism = angle measurement from S to N
topoint B (supramentale);NSBa: cranialbase angle = an-
gle formed by the intersection between lines drawn
from N to S to basion (Ba); MxUL: maxillary unit length
= distance between condylion and point A; MdUL: man-
dibular unit length = distance between condylion and
gnathion (Gn); ANS-Gn: anterior lower facial height =
vertical measurement from anterior nasal spine to Gn;
LSN: length of anterior cranial base = distance between
N and S.
Soft tissues indices
MPH: perpendicular distance from hyoid bone to man-
dibular plane; HH1: perpendicular distance from hyoid
bone to the lines connecting the third cervical (C3) ver-
tebra andretrognathion (RGn); HRGn: distancebetween
hyoid bone and RGn; C3H: distance between hyoid bone
andC3; PNSP: distance fromposterior nasal spine to the
tip of the soft palate (P); TGL: tongue length = distance
between the base of the epiglottis (Eb) and tongue tip
(TT); TGH: tongue height = maximum height of tongue
alongperpendicular line of Eb-TT line to tongue dorsum;
MPT: soft-palate thickness = maximum thickness of soft
palate measured on line perpendicular to PNSP line;
SAAS: superior anterior airway space = distance from
anterior border of the soft palate to the dorsum of the
tongue; SPAS: superior posterior airway space = width
of airway behind soft palate along parallel line to gonion
(Go)-B line; PAS: posterior airway space=distance be-
tween the base of tongue and the posterior pharyngeal
wall; MAS: middle airway space = width of airway
along parallel line to Go-B line through P; IAS: inferior
airway space = width of airway along Go-B line; VAL:
vertical airway space = distance between PNS and
Eb. Selected cephalometric measurements are shown in
Fig.1.
Statistical analysis
All data were presented as mean7SD unless otherwise
stated.Nominal datawere analysedwith the Chi-Square
FIG 1. Selected cephalometric indices.
Bony indices
SNA: maxillary prognathism=anglemeasurement from sella (S)
to nasion (N) to point A (subspinale); SNB: mandibular prog-
nathism=anglemeasurementfromStoN topoint B (supramen-
tale);NSBa: cranialbase angle=angle formedby the intersection
between lines drawn from N to S to basion (Ba);MxUL:maxil-
lary unit length=distance between condylion and point A;
MdUL: mandibular unit length=distance between condylion
andgnathion (Gn).ANS-Gn: Anterior lower facial height=verti-
calmeasurement fromanteriornasal spine to Gn;
Softtissues indices
MPH: perpendicular distance from hyoid bone to mandibular
plane;HH1: perpendicular distance fromhyoid bone to the lines
connecting the third cervical (C3) vertebra and retrognathion
(RGn); C3H: distance between hyoid bone and C3; PNSP: dis-
tance from posterior nasal spine to the tip of the soft palate (P);
MPT: soft-palate thickness=maximum thickness of soft palate
measured on line perpendicular to PNSP line.
642 RESPIRATORYMEDICINEtest. Unpaired t-test was used for continuous data. For
comparison between patients with signi¢cant OSA vs.
the controls, unpaired t-test was used for normally dis-
tributed variables, and Mann^Whitney U test was
used for non-normally distributed variables. Group
di¡erences (controls without OSA, non-obese OSA,
mild-to-moderately obese OSA and severely obese
OSA) were assessed with analysis of variance (ANOVA).
Pearson’s correlation analysis was used to determine
relationship between age, BMI, PSG parameters and
cephalometric measurements. Statistical signi¢cance
was set at Po0.05. Data analysis was performed with
a commercially available statistical analysis software
package (SPSS 10.0 for Windows, SPSS Inc., Chicago,
IL,USA).RESULTS (MEAN7SD)
Therewere altogether 69 patients (56males) with signif-
icant OSA, as de¢ned by AHIZ10/h of sleep.The mean
age was 53712 years, BMI 28.574.6kg/m2, AHI
36.5720.6/h, and minimum SaO2 76714%. Comparison
between the OSA patients and the control group with
regard to demographic data, symptoms, andpolysomno-
graphic data is shown inTable1.Therewere no signi¢cant
di¡erences in the demographic features but there were
similar percentages of snorers in both groups.The OSA
group had signi¢cantly higherAHI and arousal index than
the controls.
Using Pearson’s correlation analysis of various cepha-
lometric measurements from all the subjects with the
AHI as the dependent variable, SNA (r=0.244,
P=0.018), MxUL (r=0.257, P=0.012) and MPT
(r=0.222, P=0.032) had signi¢cant negative correlation
whereas ANS-Gn (r=0.205, P=0.048), MPH (r=0.221,
P=0.032), andHH1 (r=0.303,P=0.003) had signi¢cantposi-
tive correlationwith the AHI.Other cephalometricmea-
surements had no correlation with the AHI. In addition,
there was signi¢cant positive correlation between BMI
vs. AHI (r=0.338, P=0.001), and between neck circumfer-
ence vs. AHI (r=0.257, P=0.014). Following multiple linear
regression analyses of BMI, neck circumference, and the
cephalometric parameters with AHI as the dependent
variable (F=9.932), MxUL (P=0.004) had independent ne-
gative correlation whereas BMI (Po0.001), neck circum-
ference (P=0.029), HH1 (P=0.009) and ANS-Gn (P=0.012)
had independent positive correlation with the AHI.
Furthermore, there was no correlation between age
and MPH (r=0.054, P=0.658).
Comparison of the cephalometric measurements be-
tween theOSA patients and the controls is shown in Ta-
ble 2. Among the di¡erent cephalometric parameters,
the mandibular plane to hyoid bone distance (MPH) was
signi¢cantly longer in theOSApatients than the controls
(22.976.0mm vs. 19.575.1mm, respectively, P=0.005).
The perpendicular distance (HH1) from hyoid bone to
the line connecting C3 vertebra and retrognathion
(RGn) was longer in the OSA group than the controls
(17.277.5 vs. 13.275.0mm, P=0.015) whereas the angle
measurement from sella to nasion to point A (SNA) was
smaller in the OSA group (87.074.3 vs. 88.972.9,
P=0.021). Following multiple logistic regression analyses,
a highMPHwas the only independent variable for signi¢-
cant OSAwith an odds ratio of 3.47 (95%CI1.39^8.66).
Comparison of the characteristics and cephalometric
parameters between the control group and patients
with OSA strati¢ed into non-obese (BMI o25kg/m2),
mildly tomoderately obese (BMI 25^30kg/m2), and severely
obese (BMIZ30kg/m2) is shown inTable 3.The non-ob-
ese OSA patients were older with longer anterior lower
facial height (Ans-Gn) than the controls. However,
the hyoid bone among the obese OSA patients was
TABLE 1. Comparison of body dimensions, symptoms and polysomnographic data between patients with signi¢cant OSA vs.
controls.
Control
(N=25)
OSApatients
(N=69)
P
Age (years) 47.4711.7 52.8711.8 0.052
Height (cm) 166.576.7 163.178.0 0.056
Weight (kg) 74.4712.0 76.2715.5 0.600
Neckcircumference (cm) 38.872.2 40.676.3 0.164
BMI (kg/m2) 26.874.1 28.675.0 0.105
Snoringat least 5 nights perweek 17 (68%) 44 (64%) 0.727
Daytime sleepiness 17 (68%) 47 (68%) 0.950
AHI (events/h) 5.373.2 36.5720.6 o0.001
Arousal index (events/h) 17.9713.8 34.4728.9 0.010
Total sleep time (h) 7.971.7 7.472.4 0.279
TABLE 2. Comparison of cephalometric skeletal and soft-tissuemeasurements between OSApatients vs. the controls.
Ceplalometric
measurements
Control
(N=25)
OSA
(N=69)
P
SNA 88.972.9 87.074.3 0.021*
SNB 84.674.0 83.475.6 0.341
NSBa 128.275.5 130.577.4 0.154
MxUL (mm) 80.674.3 79.075.3 0.169
MdUL (mm) 109.075.2 107.675.8 0.269
ANS-Gn (mm) 69.975.2 71.975.9 0.143
LSN (mm) 66.873.7 66.874.7 0.927
MPH (mm) 19.175.1 22.976.0 0.005*
HH1 (mm) 13.275.0 17.277.5 0.015*
HRGn (mm) 38.875.4 40.875.8 0.135
C3H (mm) 34.874.9 35.576.6 0.594
PNSP (mm) 39.874.9 40.275.5 0.750
TGL (mm) 71.776.2 73.777.0 0.225
TGH (mm) 39.674.3 39.574.5 0.971
MPT (mm) 9.372.4 8.872.6 0.404
SAAS (mm) 2.872.0 2.871.9 0.983
SPAS (mm) 7.772.4 8.972.9 0.071
PAS (mm) 12.474.7 12.773.5 0.814
MAS (mm) 8.672.6 8.972.9 0.712
IAS (mm) 10.373.3 10.873.3 0.515
VAL (mm) 69.775.8 72.477.1 0.095
*Of statistical signi¢cance.
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er MPH distance) and therewas lessmaxillaryprognath-
ism (lower SNA) than the controls.
DISCUSSION
Upper airway narrowing and sleep-induced loss of mus-
cle tone are important factors in the pathogenesis of
snoring andOSA,whereas obesity and abnormal cranio-facial structuresmayresult in narrowingof theupper air-
way (14).The common clinical abnormalities of the upper
airway in patients with OSA include micrognathia, (15)
retrognathia (16), macroglossia and an elongated soft pa-
late (17). Cephalometric radiographs are a simple and
usefulmethod in the evaluation of craniofacial abnormal-
ities in patients withOSA.With lateral cephalometric X-
rays, an inferiorly placedhyoid bone relative to the man-
dibular plane, (17,18) shortermandibular body length (19),
a narrowed posterior air space, (20) longer anterior
TABLE 3. Comparisonofcharacteristics andcephalometric variablesofnon-apnoeiccontrols andpatientswithOSAclassi¢ed
according to BMI
Non-apnoeic
controls (N=25)
Non-obese OSA
(BMIo25) (N=12)
Mild tomoderately
obese OSA
(BMI 25^30)(N=27)
Severely obese OSA
(BMIZ30) (N=30)
Age (years) 47.4711.7 59.477.9* 50.8711.4 51.9712.7
BMI (kg/m2) 26.874.1 21.473.8** 27.371.4 32.873.3**
Neckcircumference (cm) 38.872.2 42.8713.1 39.372.0 40.874.0
AHI 5.373.2 27.2718.0# 30.8716.9** 45.3721.6**
Mean Sa02 95.372.2 94.872.5 94.173.0 91.975.9*Œ
Minimum Sa02 86.176.2 81.879.3 78.2713.0ŒŒ 70.1715.7**
SNA 88.972.9 88.575.1 87.873.7 85.874.2***
SNB 84.674.0 84.076.7 83.975.0 82.775.7
NSBa 128.275.5 131.179.1 130.177.7 130.776.5
MxUL (mm) 80.674.3 79.276.6 79.075.1 78.975.2
MdUL (mm) 109.075.2 109.774.8 106.375.8 107.976.1
ANS-Gn (mm) 69.975.2 74.776.6*# 70.175.9 72.475.4
LSN (mm) 66.873.7 69.475.1 65.374.2 67.074.5
MPH (mm) 19.175.1 22.075.3 22.675.3Œ* 23.876.8#Œ
HH1 (mm) 13.275.0 17.675.9 18.079.2 16.476.4
HRGn (mm) 38.875.4 36.774.5 42.276.0Œ# 41.375.4
C3H (mm) 34.874.9 34.376.8 36.176.3 35.577.0
PNSP (mm) 39.874.9 38.775.6 40.774.8 40.376.2
TGL (mm) 71.776.2 70.677.6 74.376.5 74.377.2
TGH (mm) 39.674.3 40.474.5 39.274.9 39.474.4
MPT (mm) 9.372.4 9.472.6 8.872.4 8.572.8
SAAS (mm) 2.872.0 4.173.0 2.471.4 2.571.5
SPAS (mm) 7.772.4 8.673.3 8.672.7 9.373.0
PAS (mm) 12.474.7 12.074.1 12.773.6 12.973.2
MAS (mm) 8.672.6 8.173.0 9.273.0 8.972.9
IAS (mm) 10.373.3 10.073.8 11.473.1 10.673.2
VAL (mm) 69.775.8 73.476.2 72.276.1 72.178.3
*P=0.003, compared to controls.
**Po0.001, compared to controls.
*#P=0.022, compared to controls.
#P=0.001, compared to controls.
Œ*P=0.020, compared to controls.
Œ#P=0.043, compared to controls.
ŒŒP=0.007, compared to controls.
***P=0.002, compared to controls.
#ŒP=0.008, compared to controls.
*ŒP=0.005, compared to controls.
644 RESPIRATORYMEDICINEfacial height (21), and a greater £exion of the cranial base
(17) have been observed in patients with OSA. In this
study, we have noted that our Chinese patients with sig-
ni¢cant OSA had a more inferior and posterior hyoid
bone position, as re£ected by increased MPH and HH1,
and lessmaxillaryprognathism, as re£ectedby a reduced
SNA, than the controls.MPHdistancewas the only inde-
pendent variable for signi¢cant OSA following multiple
logistic regression analysis.
Although the degree and the prevalence of OSA may
be similar, Asian patients with OSA in general tend to
have a relatively lower BMI than the Caucasian counter-
parts. (5^9) A previous study by Partinen et al. has sug-gested that OSA patients with a low BMI may have a
higher prevalence of upper airway structural abnormal-
ities as compared to the obese OSA patients (22). A Ja-
panese study has drawn a similar conclusion but
diagnostic PSG was not performed for any of their
asymptomatic healthy controls, and it was therefore
notcertainwhether the controlgrouprepresented truly
normal subjects (23). In this study, we detected only one
signi¢cantcraniofacialmorphological di¡erencebetween
the controls and the non-obese OSA patients with a long-
er anterior lower facial height in the latter. In contrast, we
have detected among our mildly to moderately obese
OSA patients a signi¢cantly lower and posterior hyoid
CEPHALOMETRICASSESSMENTOFCHINESEOSAPATIENTS 645bone position (as re£ected by marked increases in MPH
andHRGn), and those severelyobese subjects had remark-
ably less maxillary prognathism, in addition to an increase
in MPH, as compared to the controls.Our results suggest
that obese patients with OSA have more craniofacial
structural abnormalities than the non-obese, and an infer-
iorly positioned hyoid bone and a retropositioned maxilla
may predispose obese patients tomore severeOSA.
Comparisons between non-apnoeic snorers and OSA
patients of Caucasian ethnicity have shown a longer dis-
tance from themandibular plane to the hyoidbone in the
latter (24,25). A low hyoid bone position, as re£ected by
an increase in MPH distance in the erect (22) or supine
position (26), and decreasedposterior airspace (22) have
been reported to be associated with increased apnoea
activity. The position of the hyoid bone is probably one
of the important factors in the pathogenesis of OSA be-
cause it anchors the musculature of the genioglossus,
which falls backward and reduces upper airway patency
when the hyoid bone is in an abnormally low position
(24,27).On the contrary, a low-set hyoid bone has been
postulated as a secondary, compensatory phenomenon
in order towiden the pharyngeal airway, especially in re-
sponse to neck obesity. After allowing for neck obesity,
soft-palate length and hyoid position were found to have
no correlation with OSA severity at all, whereas neck
circumference and retroglossal space were noted to be
independent correlates with the oxygen desaturation
rate (28).Our study has however shown that the man-
dibular unit length was the only independent negative
correlate whereas BMI, neck circumference, retroposi-
tion of the hyoid bone and anterior lower facial height
were independentpositive correlateswith the AHI. In ad-
dition,MPH distancewas the only independent variable,
following multiple logistic regression analysis of all the
factors (MPH, SNA and HH1) associated with signi¢cant
OSA, with an odds ratio of 3.47 (95% CI 1.39^8.66).
Apart from weight reduction, selected patients with
OSAmaybene¢t fromgenioglossus advancement7max-
illo-mandibular advancement surgery if they cannot tol-
erate or accept nasal continuous positive airway
pressure treatment (29).
Therewere some limitations with our study. Cephalo-
metric radiographs only revealed images taken from two
dimensions, and was performed during wakefulness and
in the erect posture, with imprecision in the evaluation
of soft tissues. Nevertheless, it is a simple method at a
low cost. Computed tomography (CT) is better than
conventional radiography in showing the cross-sectional
dimensions of the airway spacebutCTperformedduring
wakefulness may not predict the development of airway
occlusionbelow the softpalate during sleep (30). A study
by Peh et al. using CT cephalometric analysis of Chinese
patients with OSA (N=25) during wakefulness has re-
ported a lower hyoid position, increased nasal cavity
length, less mandibular prognathism, increased tonguelength and airway space as compared to the controls.
However, only 17 of their 25 control subjects had OSA
objectively excluded by overnight PSG (31).Magnetic re-
sonance imaging (MRI) o¡ers advantages over CTon ac-
count of the high soft-tissue contrast of the cranio-
mandibulo-facial and upper airway structures andmulti-
planar visualization but it is expensive and not readily
available in most units. Our control group consisted of
68% of snorers and might not represent perfectly nor-
mal healthy subjects but our measurement of air£ow
with the nasal pressure transducer (32) had certainly
identi¢ed more reliably those with and without signi¢-
cant OSA.
OSA is likely caused by a combination of multiple ana-
tomical and pathophysiological factors.Obesity, sleep-in-
ducedloss ofmuscle tone, craniofacial abnormalities, and
upper airway collapsibility probably all contribute to a
di¡erent degree in individual cases. Enlargement of the
oropharyngeal soft-tissue structures, especially the lat-
eral pharyngeal walls, (33) and a more collapsible velo-
pharynx (34) are some of the important factors that
may contribute to upper airway obstruction. More re-
cently, in a study assessing transmission patterns in a
Caucasian sample vs. anAfrican-American sample, analy-
sis of the former showed transmission patterns consis-
tent with that of a major gene that were stronger in the
age-adjusted variable than in the age and BMI-adjusted
variable, whereas in the African-American sample, ad-
justing for BMI in addition to age gave stronger evidence
for segregation of a codominant gene with an allele fre-
quency of 0.14, accounting for 35% of the total variance.
These results provide support for an underlying genetic
basis for OSA that is independent of the contribution of
BMI in African Americans (35).
In summary, this study has shown that the Chinese pa-
tientswithOSAhave amore inferiorlyplacedhyoidbone
relative to themandiblewith lessmaxillary prognathism
than the controls. Contrary to the common belief that
craniofacial abnormalities play a more signi¢cant role in
the pathogenesis of OSA among the non-obese OSA pa-
tients,wehave shown that themorphological di¡erences
are more marked in the severely obese patients with
more severeOSA.This suggests that the aetiologyof se-
vere OSA is multi-factorial, and obesity and subtle ab-
normalities in craniofacial morphology are important
factors in its pathogenesis.
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